We aimed to analyze the characteristics of development of relative weight in Japanese triplets from birth until 12 years of age. Data were collected through a mailed questionnaire sent to mothers of triplets asking for information recorded in medical records. Altogether we had information on 1,061 triplet children of 354 mothers born between 1978 and 2006. For these births, data on triplets' height and weight growth, gestational age, sex, parity, and maternal age at delivery were obtained from records in the maternal and child health handbooks and records from the schools where children receive health check-ups. In addition, information on maternal height and weight was obtained. Triplets have a lower ponderal index at birth and lower body mass index (BMI) compared with the general population until 12 years of age, except for the period during 1 and 3 years of age. Moreover, birth weight had the strongest contribution to BMI of triplets until 6 years of age. After 9 years of age, maternal BMI was a significant factor affecting BMI of triplets.
It is well known that the growth patterns of twins and triplets during the third trimester of pregnancy differ from those of singletons because of a combination of the lack of space in the uterus in multiple pregnancies, intrauterine growth retardation, and shorter gestational age (Alexander et al., 1998; Glinianaia et al., 2000) . Triplets are typically born prematurely, and 40-50% of them weigh less than 1,500 g at birth (Kato, 2004; Ziadeh, 2000) . Previous studies have indicated that very low birth weight infants (<1,500 g) have significantly lower growth attainment in early and midchildhood than their normal birth weight peers (Finnstrom et al., 1998; Hack et al., 1996) . Further follow-up in adolescence has shown that although there was some catch-up, these children continued to be smaller in size (Powls et al., 1996; Saigal et al., 2006) . Meanwhile, several studies have reported that the differences in body size between twins and singletons at births disappeared during childhood, but in a few studies differences remained until adulthood (Buckler & Green, 2004; Estourgie-van Burk et al., 2010 Luke et al., 1995; Pietiläinen et al., 1999; Wilson, 1979) . Both weight and height of triplets were also found to be behind singletons until 12 years of age, in spite of the rapid catchup growth during the first year of life Yokoyama et al., 2011 Yokoyama et al., , 2012 .
The special features of multiple pregnancies have further potential effects on the lives of triplets as it has been indicated that both low birth weight and shorter gestational age are risk factors for adverse health and neurodevelopmental outcomes (Arnoudse-Moens et al., 2009; Bhutta et al., 2002; Wadhawan et al., 2011) . In addition, several studies have reported that intrauterine growth retardation is associated with an increased prevalence for development of adult diseases such as cardiovascular and metabolic derangements (Fall et al., 1995; Godfrey & Barker, 2000) ; specifically, early growth failure (Singhal et al., 2003) , and subsequent accelerated increase in weight gain and body mass index (BMI) during adolescence and adulthood (Bhargava et al., 2004; Loaiza & Atalah, 2012) .
Studies of the long-term growth of low birth weight infants, including triplets (the majority of whom experience intrauterine and/or neonatal growth failure), may yield important information in this regard (Bukowski et al., 2001; Ehrenkranz et al., 1999) . There is a paucity of studies on the postnatal growth of triplets in the world. The purpose of this study was to analyze the characteristics of prepubertal development of relative weight to height in Japanese triplets.
Participants and Methods
The participants in this study were recruited from the West Japan twins and higher-order multiple births registry (Yokoyama, 2013) , which consisted of 578 mothers with triplets who were born between 1978 and 2006. Mothers and their triplet children were also enrolled from several other sources, such as various Japanese mothers' organizations for higher-order multiple births and referrals from public health centers.
Data were collected through a mailed questionnaire sent to the mothers asking for information available in medical records. For these births, data on triplets' weight and height growth, gestational age, sex, parity, and maternal age at delivery were obtained from the records in the Maternal and Child Health Handbooks. This handbook was established by the Maternal and Child Health Law in Japan and is provided to the expectant mother by the authorities following the report of pregnancy. The purpose of the handbook is to aid the maintenance of maternal and child health, and it includes information on health check-ups during pregnancy, the condition of the newborn, the progress of infant growth, and periodic medical check-ups for the infant and vaccinations recorded by obstetricians or pediatricians. In addition, information on maternal weight, height, and infertility treatment was obtained. For maternal BMI we used the categories of the Japan Society for the Study of Obesity, based on the definitions given by the World Health Organization (WHO Expert Committee, 1995): a BMI of less than 18.5 kg/m 2 as underweight; BMI of 18.5-24.9 kg/m 2 as normal; and BMI of more than 25 kg/m 2 as overweight or obese.
In Japan, the health check-up system after birth varies according to life stage. Until 6 years of age, children participate in health check-ups based on age, which is counted as actual weeks, months, or years after birth, administered by the Ministry of Health, Labor and Welfare. The height and weight data of children based on health check-ups are routinely recorded in the handbook. After 6 years of age, Japanese children receive health check-ups administered by the Ministry of Education, Culture, Sports, Science and Technology (2009) under the School Health Law. The height and weight measures from these school-based health check-ups are routinely recorded in the school records and made available to each family. Mothers have access to the school records from every grade and can check them directly. Mothers participating in this study were advised to refer to these records when completing the questionnaire.
The height and weight growth data were assigned to the appropriate age groups on the basis of time (in days) since birth, which was calculated as the date at the check-up minus the child's birthday. These data were semi-longitudinal. Specifically, data on the same individual were used according to the recorded times. Some of the children provided most of longitudinal data. On the other hand, others provided data from birth to six years of age. Additionally, the number of participants in each age group varied considerably as some children were younger than 12 years at the time of the survey. Consequently, the range of measurements in each group becomes smaller, especially at 12 years of age. However, as the mothers reported the growth of their children retrospectively, based on records, there is no age-related dropout in our data.
The response rate was 67.0%. We had information on growth from 1,164 triplet children, but 103 children with unknown sex or height or weight were excluded from the analyses. Ultimately, the participants in this study were 354 mothers and their 1,061 triplet children. The mothers gave written informed consent to participate in the present study.
We used ponderal index (kg/m 3 ) at birth and BMI (kg/m 2 ) from 1 to 12 years of age as the indicators of relative weight, as suggested by Cole et al. (1997) . The significance of differences between mean values of gestational age was tested using ANOVA where the comparison was between the three groups of maternal BMI. The means and standard deviations of ponderal index at birth and BMI from 1 to 12 years of age for triplets were calculated according to age and sex. The means and standard deviations of ponderal index at birth and BMI at 3, 6, 9, and 12 years of age for triplets were calculated according to gestational age, birth weight, birth length, parity, birth order, maternal age at triplet delivery, and maternal BMI. The significance of differences between mean values of ponderal index and BMI was tested using mix-model ANOVA, where the comparison was between two or more groups in order to adjust for familial clustering (i.e., sets of triplets) as a random effect factor. We fitted series of linear mixed effects models, and the statistical significance of regression coefficients of the interesting covariates (sex, birth order of triplets, gestational age, birth weight, birth length, or maternal BMI) was assessed from the fixed effects while adjusting for familial clustering (i.e., sets of triplets) by introducing shared random effect in the linear mixed model. The associations of the covariates with BMI of triplets at 3, 6, 9, or 12 years of age as outcome variables were explored by separate linear mixed effects model at a given age.
The ponderal index and BMI of the general population were calculated using mean values of the growth standards (height and weight) presented by the Ministry of Health, Labor and Welfare (Kato et al., 2001 ) and the Ministry of Results Table 1 summarizes the characteristics of the participants. The mean gestational age at birth in triplets was 33.1 ± 2.65 weeks. Of 1,061 triplets, 30.8% were very low birth weight infants. The average maternal age of delivery was 31.0 ± 3.60 years. In mothers of triplets, 7.1% were women whose BMI was more than 25.0 kg/m 2 . Gestational age at birth differed significantly by maternal BMI and was 31.6 ± 3.0 weeks in women whose BMI was less than 18.5 kg/m 2 , 33.4 ± 2.5 weeks in women whose BMI was 18.5-24.9 kg/m 2 and 33.0 ± 3.2 weeks in women whose BMI was more than 25.0 kg/m 2 . Table 2 presents the number of participants and the mean ponderal index at birth and BMI until 12 years of age by sex. The difference of mean ponderal index between the triplets and the general population was -2.56 kg/m 3 in males and -2.29 kg/m 3 in females. After 1 year, the difference of BMI almost disappeared during the first year of life. However, this difference started to increase from 4 years of age and fluctuated between -0.7 kg/m 2 and -2 kg/m 2 from 5 until 12 years of age. At 8 years, the mean difference was -1.01 kg/m 2 for males and -1.21 kg/m 2 for females. The mean ponderal index at birth and BMI at 3, 6, 9, and 12 years of age were analyzed according to gestational age, birth weight, birth length, parity, birth order, maternal age at triplet delivery, and maternal BMI (Table 3) . A low gestational age was associated with lower ponderal index at birth and lower BMI at 3, 6, 9, and 12 years of age; these differences were statistically significant. Low birth weight or low birth length were also associated with lower BMI at 3, 6, 9, and 12 years of age. Third-born neonates had a lower ponderal index and lower BMI at 3 years of age. Triplets born to women whose BMI was lower had a lower ponderal index and lower BMI at 3, 9, and 12 years of age than triplet children born to women whose BMI was higher. Table 4 shows the results of linear mixed effects multiple regression analysis of BMI of triplets at 3, 6, 9, and 12 years of age. We also present regression coefficients and p values for each covariate. Birth weight has the strongest contribution to the BMI of triplets at 3 and 6 years of age, but also birth length affected BMI at 3 and 6 years of age. Gestational age affected BMI at 3 years of age. Maternal BMI increased BMI of triplets at 9 and 12 years of age.
Discussion
In the present study, triplets have a lower ponderal index at birth and lower BMI from 4 until 12 years of age compared to the general population. However, we did not find any differences between triplets and general population for the period from 1 to 3 years of age. It is well known that twin and triplet pregnancies are characterized by earlier gestational age, lower birth weight, and rapid catch-up growth, especially during the first year of life (Buckler & Green, 2004; Yokoyama et al., 2011 Yokoyama et al., , 2012 . That there were no differences for BMI from 1 to 3 years of age between triplets and the general population may be because of rapid catch-up growth and special features of triplet pregnancies.
Meanwhile, the differences in BMI between triplets and the general population after 4 years of age are similar to those reported by Hack et al. (2003) , who found that very low birth weight children had significantly lower BMI than their normal birth weight peers at 8 years of age, with a mean deficit of 1.5 kg/m 2 for males and 1.3 kg/m 2 for females. In addition, Saigal et al. (2006) found that in young adulthood, extremely low birth weight (<1,000 g) men and women were significantly smaller in height and weight compared with their peers, but BMI for both sexes showed no differences between the groups.
Several twin studies have reported that male twins have lower BMI in early adulthood than singletons (Pietiläinen Silventoinen et al., 2008) . It has been indicated that these differences may have their origin in the prenatal conditions of twin pregnancies (Buckler & Green, 2004) . There are also differences in placentation between monozygotic (MZ) and dizygotic (DZ) twins, because while all DZ twins are dichorionic, about 60% of MZ pregnancies are monochorionic, which may lead to vascular abnormalities during pregnancy (Derom et al., 2005) . The vascular abnormalities often result in large birth weight differences between MZ twins and may affect future growth (Pietiläinen et al., 2002) . The prenatal conditions of triplets are more serious compared with those of twins (Glinianaia, et al., 2000; Kato, 2004; Luke et al., 2002; Yokoyama et al., 2012) . Further follow-up is needed to investigate whether triplets achieve normal body size, including BMI, later in life. In the present study, when adjusting for gestational age and other confounding factors, birth weight had the strongest contribution to BMI of triplets at 3 and 6 years of age, but the influence disappeared at 9 years of age. Birth length also showed a similar trend. Saigal et al. (2006) and Hack et al. (2003) have indicated that catch-up growth for BMI occurs between 8 years of age and adolescence among very low birth weight or extremely low birth weight groups. Our study supports those results reported by Saigal et al. (2006) and Hack et al. (2003) .
Furthermore, maternal BMI was a significant factor affecting BMI of triplets at 9 and 12 years of age. Parental obesity has been found to be one of the strongest risk factors for childhood obesity in singletons (Bundred et al., 2001; Burke, et al., 2001; James et al., 2001; Reilly & Dorosty, 1999) . In addition, it has been indicated that parental leanness confers significant protection against the development of overweight in children (Semmler et al., 2009) . A Danish study reported that the BMI of adoptive children from 7 to 13 years of age correlated more strongly with biological relatives than adoptive relatives, suggesting that genetic factors are more important than common environmental factors (Sørensen et al., 2002) . Twin studies have also indicated that childhood obesity has a major heritable component (Silventoinen & Kaprio, 2009; Silventoinen et al., 2010) , but also some non-genetic shared/familial component. Moreover, it was indicated in a longitudinal population-based cohort of male twins that BMI at age of 18 years correlated with BMI at age of 1 year, and this correlation increased steadily up to 17 years of age , mainly because of genetic effects . In our study, the predicting power of maternal BMI steadily increased at later ages, probably indicating the increasing influence of genetic factors over environmental factors affecting their triplet children's BMI. These results suggest that maternal physique has a significant effect not only on physique in singletons during childhood, but also on that of triplets, probably reflecting the role of genetic factors masked in early life by the special features of triplet pregnancies but becoming visible in later life.
Regarding other factors associated with BMI of triplets, we found a small birth order effect: the third-born triplet had a lower BMI than the other triplets. Previous studies in twins have reported similar results at birth (Glinianaia et al., 2000) and from 3 to 12 years of age . The background of this effect needs more detailed research, but in twins, the first-born (and heavier) twin was found to have a heavier placenta and a more optimal cord insertion (Gielen et al., 2007) . Possibly, triplets higher in birth order are more optimally positioned with respect to intake of nutrients. The persistence of this birth order effect suggests that prenatal factors can have long-lasting effects on body size including BMI.
A limitation of the present study was that these data did not include information on the zygosity of the triplets. It has been indicated that zygosity affects the birth weight of triplets (Lamb et al., 2011) , and this may influence future BMI. Data on paternal weight and height, maternal smoking, maternal weight gain during pregnancy, and feeding methods were also lacking in this study, and it has been suggested that these factors are associated with BMI Lande et al., 2005; Ooki & Yokoyama, 2004; Pirilä et al., 2012) . Also, pubertal status was not assessed, and this may affect BMI at the last time point.
In conclusion, triplets have a lower ponderal index and lower BMI compared to the general population of Japan from birth to 12 years of age, except for the period from 1 to 3 years of age. Birth weight had the strongest contribution to BMI until 6 years of age. After 9 years of age, maternal BMI was found to be a significant factor affecting BMI. Further follow-up of the triplets should reveal whether their growth catches up with singletons before adulthood and which early factors predict variability in BMI in adolescence and young adulthood
